Résumé. 2014 Abstract. 2014 A replica trick similar to that used in spin glass theory is implemented to study a structure of large heteropolymeric globule or a heteropolymeric melt with random quenched sequence of monomers of two types (A and B). It is shown that a microphase separation third order phase transition occurs when the system of torn A and B links becomes thermodynamically incompatible. A periodic structure of A-and B-rich domains is formed, and the symmetry of this phase depends on the fraction of A and B monomers. When this fraction is 0.5 the lamellar structure is favored.
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Formation of microdomains in
Such random heteropolymers were investigated in [5] [6] [7] . The behaviour in the vicinity of 0-point was investigated in [5, 6] and the size of a chain was determined there. Most important for protein application is the globular state of such heteropolymers ; it was considered in [7] , where it has been argued that the « two-letter » case of heteropolymer is the analog of Mattis Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0198900500140184300 glass within the framework of spin-glass approach to the protein theory [8] [9] [10] [11] . The « Mattis case » means complete recovering of the native state from the sequence of A and B links [7] as it is in the Hopfield model of associative memory with one remembered pattern [12] . In this paper we put forward another point of view that two letter encoded heteropolymer forms under definite conditions regular domain structure with regions enriched with A and B monomers. As regards recovering the native structure which is determined by definite chain fold, the « two-letter » code seems to be not sufficient, at least for large enough chains. Most non-trivial effects occur when x # 0. However, the last term in the r.s.p. of (1) was omitted in [5, 6] , in contrast, we shall concentrate our attention on this term which leads to separation of A and B links ; therefore we shall take A = 0 for simplicity. Moreover, we assume that A and B links appear in the sequence with equal probability.
The representation (1) was used in [7] [13] and applied in [10] within a framework of replica method. The direct way is to introduce extemal fields 'P a (r) and e,,, (r) conjugated to Pa (r) and ma(r). Consider a value : which has the meaning of partition function of n identical chains in external field averaged over all realisations of u ( T ). The external field acting on a link T is 'P a (r ) + U ( T) 1} a (r). This partition function is easily expressed through macroscopic parameters m(r) and p (r ) :
Macroscopic parameters ma and p a are low-fluctuating for globular chains [13] which makes it possible to substitute r.s.p. of (9) by the saddle-point value of the integrand :
Saddle point values of m and p are determined by equations :
Therefore, it is sufficient to find the partition function in the external field (8) It is easy to see that all eigenvalues of the matrix (25) become positive when n -0. This means that the replica-symmetric solution (22, 23) is stable, i.e. it corresponds to the free energy minimum.
We come to the conclusion that any solution for the order parameter has the form : t where qi = qo and £ Af = M6. In order to find qi and Ai it is necessary to take into account i = 1 higher order terms in the expansion of free energy. Calculations analogous to those done in [2] [14] that this interaction is the mathematical reflection of quenched disorder. Therefore we come to the natural physical conclusion that the effect of quenched disorder prevents the system from macrophase separation.
It is worth mentioning that the described MPS transition is of the third order (free energy in Eq. (20) is proportional to (b2)3). This is due to the fact that in the vicinity of the transition, the order parameter is characterised by two small parameters : the amplitude which is proportional to b2 and the wave vector k which is proportional to b.
All the above calculations and conclusions have been done within the framework of perturbation theory which assumes that the order parameters m a are small. This is confirmed by the final results which demonstrate the continuous behaviour of these order parameters. However, this consideration is unapplicable for the case when separation takes place on small scales, i. e. when ko a &#x3E; 1 and the order parameters p -m which is the case for complete exclusion of A-links from B-blocks and vice versa. Therefore, we cannot exclude the possibility that there exists another free energy minimum which corresponds to the described complete separation. Moreover, it is possible that the transition to this completely separated state may occur before the described continuous transition and in this case the MPS transition must be of the first order. We would like to emphasize only that these two possible transition scenarios are governed by different sets of parameters since for a high degree of segregation the simple Landau-type expansion [3] It seems interesting to test these results either experimentally (using melts of random copolymers) or by numerical simulations.
